A survey of the total aminopeptidase activity of rabbit skeletal muscle at neutral pH values was performed, using the 2-naphthylamide derivatives of nine amino acids (Ala, Glu, Gly, Leu, Lys, Met, Pro, Ser and Val) as substrates. DEAE-cellulose column chromatography of the muscle extract revealed five major activitypeaks that were eluted at 0, 0.03, 0.09, 0.1 1 and 0.18 m NaCl. The eluates around 0.18 m NaCl showed high activity against all substrates and contained the major aminopeptidases. These aminopeptidases were the 1 60,000-dalton aminopeptidase (aminopeptidase C) and hydrolase H purified from rabbit skeletal muscle. The values of substrate specificity were fairly compatible with the pattern of free amino acids increasing during the storage of rabbit muscle, indicating that these enzymes are responsible for the increment of free amino acids during aging of rabbit muscle.
Free amino acids have been found to increase during the storage of skeletal muscle.1~7) Such an increment of free amino acids is considered to be correlated with the improvement in meat flavor obtained by the aging of meat. These amino acids are produced during the protein degradation by intracellular proteases.
The storage of muscle homogenates prepared at various pH values has shown that the increment of ninhydrin-positive materials, which is the indicator of free amino acid production, was much larger in the homogenates prepared at neutral pH values than at acidic pH values.8~10) Furthermore, carboxypeptidase activity in an extract of rabbit skeletal muscle was hardly detectable. 11} These facts indicate that free amino acid production was Whatman Co., Leu-2-naphthylamide (Leu-NA) was obtained from the Protein Institute, and Ala-, Glu-, Gly-, Lys-, Met-, Pro-, Ser-and Val-NA were purchased from Bachem Co.
Conditions for the storage of muscle. Minced muscle (10g) was homogenized with 16ml of distilled water and 1ml of 27mMNaN3 solution in a Waring Blendor for 1 min. After the homogenate had been stored at 4°C for 1 week, 3ml of a 50%TCAsolution was added to the homogenate in order to halt the aging of the muscle.
Extraction and chromatography. Minced muscle (10g) was homogenized with 30ml of40mMTris-HCl (pH 7.2) in a Waring Blendor for 1min. The homogenate was centrifuged for 20min at 10,000 x g. The supernatant was dialyzed overnight against 10 mMTris-HCl buffer (pH 7.2) containing 0.1 % 2-mercaptoethanol (buffer A), and was pooled as a muscle extract. Aportion (20 ml) of the muscle extract was applied to a column (2.8x 13cm) of DE-52 that had previously been equilibrated with buffer A. After the unadsorbed proteins (breakthrough proteins) had been completely removed from the column by washing with buffer A, elution with a concentration gradient of NaCl in buffer A was started. Fractions (10 ml) were collected, and each fraction was assayed for the hydrolysis of amino acid-2-naphthylamides (AA-NA).
Assay of aminopeptidases with AA-NA. AA-NAis widely used as the substrate of aminopeptidases. Met-NAcould be recognized in four peaks at 0, 0.03, 0.09 and 0.18m NaCl. The last peak was the most active among them in every respect. Ser-NA hydrolyzing activity was eluted mostly in a peak at 0.18m NaCl and partly in peaks at 0 and 0.09m NaCl (Fig. lc) . The greater part of the activity against Glu-NA was eluted in a peak at 0.18m NaCl. Most of the activity against Gly-NAwas also eluted at 0.18m NaCl, although its peak was small. From all these results obtained, it was elucidated that the activity peak eluted at 0.18m NaCl had the greatest activity against all the substrates, indicating that this peak contained the enzyme contributing to the increment of free amino acids during the storage of meat. OmNaClwas responsible for an aminopeptidase. The Val-NA hydrolyzing activity in this work also seems to be responsible for the same enzyme reported by Okitani et al. The substrate specificity of the activity peak eluted at 0.3m NaCl was similar to that of the activity peak eluted at OmNaCl. The enzyme in the activity peak at 0.3m NaCl may be leucineaminopeptidase that was reported by Okitani et aiU) The activity peak eluted at 0.09m NaCl seems to have been an showed high activity against only Lys-NA, they seemed to contain an aminopeptidase B which Mantle et al.lA) identified and purified. The relative strength of the hydrolyzing activity of the eluates around 0.18m NaCl towards AA-NA was Ala-, Lys-, Met-, Leu-> Ser-, Pro-> Glu-, Val-> Gly-NA, and this peak showed the highest activity against AlaNAamong all the substrates. These results indicate that most of the activity against AA-NAwould be ascribable to the 160,000-dalton aminopeptidase (aminopeptidase C) that has been purified from rabbit skeletal muscle. The major aminopeptidase purified from human skeletal muscle13) seems to have been the same as aminopeptidase C, because the properties and the eluting position from anion-exchange chromatography of the former were similar to those of the latter.
Our previous work18) showed that hydrolase H in rabbit skeletal muscle was eluted around 0.18 m NaCl under the same chromatographic conditions as those employed in the present work, so we tried to clarify to what extent of all the activity eluting at 0.18m NaCl was responsible for hydrolase H. After EDTA, the inhibitor for aminopeptidase C, had been added to the eluate around 0.18m NaCl, the activity of each eluate against AA-NAwas muscle had been stored at 4°C for 1 week, the change of free amino acids in the homogenate was determined (Table II) .
All of the free amino acids increased during the storage period. The increment of Ala, Ser, Val and Leu amongthem was especially large at 1.06, 0.88, 0.85 and 0.78/miol/g of muscle/7 days, respectively.
Suzuki et al.7) stored the rabbit meat mass and determined the change of free amino acids, the quantity of amino acids released during the storage of this meat mass being less than that released during the storage of meat homogenates. This seems to have been caused by supplying a number of peptides which are substrates for aminopeptidases in the homogenate, because endopeptidases are released from lysosomes by homogenization of muscle with a buffer solution. The amino acids abundantly released during the storage of meat masshave been shownto be His (2.13/imol/g of muscle/7 days), Gly tidases, were muchgreater in meat homogenate than in meat mass, because the contents of peptides produced by endopeptidases were greater in the meat homogenate than in the meat mass as just described. Therefore, Gly and Glu were the major amino acids abundantly released during the storage of meat mass and not meat homogenate. Amountof amino acids released during the 7-day storage of muscle after slaughter is classified as follows: -, 0nmol/gofmuscle/day; +,0~50; ++, 50~75; +++, 75~100; ++++>100.
ND,not determined.
storage of meat, and tried to establish the enzyme(s) contributing to the increase of free amino acids during the storage of meat.
In Table III , the left-and right-hand columns show the activity of each fraction from the column against AA-NA,and the increment offree amino acids during the storage of meat, respectively. The fractions eluted around 0. 18 m NaCl contained both aminopeptidase C and hydrolase H as already described, so the activity of the fractions measured in the presence of EDTA became the activity caused mainly by hydrolase H in the fractions. On the other hand, the activity of the fractions measured in the presence ofiodoacetic acid became the activity caused mainly by aminopeptidase C in the fractions. Table III clearly shows that the substrate specificity and quantity of aminopeptidase C in the fractions eluted at 0.18m NaCl were fairly compatible with the increment of free amino acids during the storage of meat. Hydrolase H was also shown to be fairly responsible for the increase of free amino acids. Especially, the degree of contribution of hydrolase H to the increase of Glu was elucidated to be larger than that of aminopeptidase C. The actions of these two aminopeptidases almost completely accounted for the increase offree amino acids during the storage of meat.
This fact indicates that aminopeptidase C and hydrolase H are the major exopeptidases contributing to the degradation of oligopeptides during the storage of meat. It is evident that the drgree of contribution of the aminopeptidases eluted at other concentrations was muchless than that of these two enzymes. The enzymes eluted at 0 and 0.03m NaCl preferably hydrolyzed Met-and Val-NA, and the enzyme eluted at 0.09m NaCl preferably hydrolyzed Ala-NA. Therefore, it is assumed that the former two contributed somewhat to the increase of Met and Val, and that the latter contributed a little to the increase of Ala. The activity peak eluted at 0.llm NaCl seems to have been ascribable to aminopeptidase B.
Since the Lys-NA hydrolyzing activity of this fraction was muchless than of the fraction 2189 eluted at 0.18m NaCl, the contribution of aminopeptidase B to the increase of basic aminoacids during the storage of meat seems not to have been particularly great.
